A rapid induction system for synthesis of a-amylase by the fungus Aspergillus oryzae M-13 was established. The mycelia were prepared from 20-h cultures grown on a peptone-glycerol medium and starved for 5 h; maltose was the optimum inducer tested. During h 1 of induction, formation of both intra-and extracellular a-amylases occurred at an almost identical rate (70 to 80 ,ug/g of cells * h) without a detectable lag period. After a 1-h induction period, a remarkable increase in the extracellular concentration of the enzyme occurred, and a maximum rate (330 ,ug/g of cells * h) was reached after 1.5 h of induction. During h 2 of induction, no significant change in mycelial weight was observed. Purified samples of intra-and extracellular enzymes formed in the induction system showed identical properties as examined by behavior in diethylaminoethylcellulose column chromatography, gel filtration, discontinuous gel electrophoresis, electrofocusing, optimal conditions for the reaction, heat stability, and molecular weig,ht.
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Aspergillus oryzae is a fungus that has been widely used to obtain many kinds of hydrolytic enzymes, such as amylases, proteases, and nucleases. To prepare these extracellular enzymes on a commercial scale, many attempts have been made to specify cultural conditions and to select superior strains of the fungus (9, 20) . Few attempts have been made, however, to elucidate the control mechanisms involved in the formation and secretion of extracellular enzymes. In this report, we describe (i) establishment of a rapid induction system for formation and secretion of a-amylase in nongrowing mycelia of A. oryzae M-13, (ii) the formation profile of the amylases produced during the induction, and (iii) the properties of the intra-and extracellular enzymes formed by this rapid induction system. MATERIALS AND METHODS Strain and inoculum. A. oryzae M-13 was obtained from the Institute of Applied Microbiology, University of Tokyo, and maintained on Czapek agar slants containing (per liter) 3 .0 g of NaNO3, 1.0 g of KH2PO4, 0.5 g of MgSO4 * 7H20, 0.5 g of KCl, 0.01 g of FeSO4, 30.0 g of sucrose, and 20.0 g of agar.
After incubation for 7 days at 30°C, the slants were kept in a refrigerator at 4°C. To prepare conidial suspensions, 1 loopful of conidia from the stock culture was streaked on a Czapek agar slant supplemented with yeast extract (5.0 g per liter). After abundant formation of conidia, 10 ml of sterile water was added to the slant, and the conidia were freed by scraping the surface of the slant with a loop. The number of conidia in the resulting suspension was computed microscopically by using a hemacytometer and was adjusted to 2 x 107 to 4 x 107 per ml.
System for a-amylase formation. Both growing and nongrowing mycelial systems were used. The growing mycelial system was as follows: 1.0 ml of the conidial suspension was inoculated into a 500-ml conical flask containing 100 ml of PS medium (20. 0 g of peptone, 30.0 g of starch, 5.0 g of KH2PO4, and 2.5 g of MgSO4-7H2O per liter), followed by cultivation at 30°C on a gyratory shaker (210 rpm; amplitude, 6 cm). After cultivation for appropriate periods, the amounts of a-amylase in both mycelia and culture filtrate were determined (Fig. 1) . During cultivation, a large amount of a-amylase was formed. The mycelia obtained were designated as induced mycelia.
The nongrowing mycelial system was as follows: 1.0 g of starved mycelia (described later) was introduced into a 500-ml conical flask containing 100 ml of induction medium (10.0 g of maltose, 5.0 g of KH2PO4, and 2.5 g of MgSO4-7H20 per liter) and incubated at 30°C for 2 h on a gyratory shaker. At appropriate intervals, the amounts of intra-and extracellular a-amylase were determined. To prepare noninduced mycelia, 1.0 ml of the conidial suspension was inoculated into a 500-ml conical flask containing 100 Extracellular and intracellular a-amylase were purified according to the procedure described previously (10) . Crude enzyme preparations were concentrated in vacuo at 25°C and pH 6.0. From the concentrated solution, a-amylase was salted out by adding solid (NH4)2SO4 (0.8 saturation). The enzyme was further purified successively by column chromatography (diethylaminoethyl-cellulose; Brown) and gel filtration (Sephadex G-100, Pharmacia, Sweden). The homogeneity of purified enzyme preparations was examined by polyacrylamide gel discontinuous electrophoresis.
Assay of a-amylase and protein. The amount of a-amylase was determined by a "blue value" method (7, 21) with some modifications. The reaction mixture was composed of 0.50 ml of 0.2% amylose solution (British Drug Houses, Poole, England), 0.25 ml of 0.4 M acetate buffer (pH 5.0), and 0.25 ml of aamylase preparation. After a 5-min incubation at 30°C, 0.5 ml of the reaction mixture was pipetted into 5.0 ml of 0.0001% iodine-0.01% KI solution containing 20 mM HCl and diluted to 10 ml with deionized water. The absorbancy of the diluted solution was measured at 620 nm. By means of this procedure, 0.1 to 2.0 ,tg of a-amylase could be determined, based on a standard curve prepared with crystalline a-amylase (Sankyo Co.).
To maintain the pH of the test system for measurements of stability or activity of the purified enzyme preparations, the following buffer systems were used: 0.2 M acetate buffer for pH 3.8 to 5.8, 0.2 M phosphate buffer for pH 5.8 to 7.8, and 0.2 M carbonate-bicarbonate buffer for pH 9.0 to 11.0.
Protein was measured by the method of Lowry et al. (12) , and bovine serum albumin was used as a standard.
Determination of wet weight of mycelia. Collected and water-washed mycelial pads on Buchner funnels were placed on three sheets of filter paper (Toyo Roshi no. 2) and covered with three sheets of filter paper. The mycelial pads were pressed by rolling a glass bottle, and this treatment was repeated three times. Then, mycelial pads were weighed. Experimental error in this method was ± 10 mg.
Polyacrylamide gel discontinuous electrophoresis. Electrophoresis was performed in polyacrylamide gel with 0.05 M tris(hydroxymethylaminomethane)-hydrochloride-glycine buffer (pH 8.3), at 4 mA per tube (5 by 70 mm), for 25 min. The protein band was stained with amido black or Coomassie brilliant blue followed by destaining. In some cases, the activity band was estimated as follows: the gel was cut into 2-mm slices, and each slice was immersed overnight in 1.0 ml of 0.01 M potassium phosphate-sodium phosphate buffer (pH 5.6) at 4°C to elute the enzyme. The a-amylase activity eluted from each slice was assayed. Electrophoretic mobility (mbPb) was presented as the mobility relative to bromophenol blue.
Molecular weight determination. The molecular weight of purified preparations of a-amylase was estimated by gel filtration (1) through a column of Bio-Gel P-150 (Bio-Rad Laboratories) or by polyacrylamide gel electrophoresis (19) Chemicals. Peptone and yeast extract were obtained from Daigo Eiyo, and starch, maltose, and glycerol were the products from Wako Junyaku.
The following antibiotics were added to the induction medium to examine their effects on the inducible formation of a-amylase: cycloheximide (Wako Junyaku), chlortetracycline (Taito-Pfizer), blasticidin S, polyoxin D (Kaken Kagaku), griseofulvin (Nihon Kayaku), nystatin (Sankyo), and eurocidin (Daigo Eiyo). All other reagents were of analytical grade. RESULTS Establishment of induction system for aamylase formation by nongrowing mycelia. a-Amylase-forming activities during starvation and induction incubations were determined with both induced and noninduced mycelia. As seen in Table 1 , during starvation, the induced mycelia formed a large amount of extracellular enzyme at a rate equivalent to that of growing mycelia in PS medium, whereas the noninduced mycelia formed a small amount. But, during induction, the noninduced mycelia showed considerable ability (400 ,ug/g of cells * 2 h) to form the enzyme; this activity is higher than that of the induced mycelia.
In the induction experiments, we could not find any significant change in mycelial weight. Hereafter, we used the noninduced mycelia in our induction system. It was also observed that, within 5 h of starvation, the longer the starvation, the more enzyme was formed: mycelia starved for 0 and 5 h formed 296 and 583 ,ug of enzyme/g of cells * 2 h, respectively (Table 2) . Therefore, we used the 5-h starvation period because this was convenient for routine procedures.
Several carbohydrates and related compounds were tested for their ability to act as inducer. Each compound was used in place of maltose in the induction medium at a concentration of 1%. Maltose was the best inducer among the materials examined (Table 3) .
Thus, the 5-h-starved, noninduced mycelia and maltose were employed in the induction system. a-Amylase formation during induction. When induction was performed at 30°C for 2 h under the conditions described above, a-amylase was formed with a time course presented in Fig. 2 cellular enzyme, respectively. These results indicated that biological energy was required for the induction of the enzyme. Cycloheximide and blasticidin S, potent inhibitors of protein synthesis in fungi, showed 47 and 43% inhibition of a-amylase formation at a concentration of 2 and 1 ,ug per ml, respectively. Thus, it might be concluded that a-amylase formation by means of the induction system includes de novo synthesis of protein. Eurocidin and nystatin, polyene antibiotics, gave 53 and 50% inhibition at concentrations of 18 and 2 ,.g per ml, respectively. Inhibition by nystatin occurred in parallel with leakage of intracellular materials (ultraviolet-adsorbing compounds) from mycelia. The leakage might be due to the alteration in membrane structure. Griseofulvin and polyoxin D inhibited enzyme induction at higher concentrations than the other antibiotics.
Cycloheximide, at a concentration of 2 ,ug per ml, caused 50% inhibition in extracellular, but no inhibition in intracellular, enzyme formation (Table 4) . It might be considered that the occurrence of enzyme secretion does not depend on the concentration gradient of the enzyme between intra-and extracellular spaces.
Properties of intra-and extracellular aamylases. Physicochemical and biochemical properties of the purified intra-and extracellular a-amylases prepared by the growing and nongrowing mycelial systems were examined and summarized in Table 5 . For the physicochemical properties, we could not find any difference among the purified enzymes, i.e., behavior in column chromatography, gel filtration, and discontinuous gel electrophoresis. For the biochemical properties, the purified enzymes were also found to be identical to each other, i.e., optimal pH, 5.4; optimal temperature, 50°C; heat stability, 75% loss of activity after heat treatment (50°C, pH 5.4, for 30 min); pH stability, stable at pH range of 5 to 9, and K,, 0.13% for amylose (pH 5.0, 3000). DISCUSSION Previous workers (14, 15) described the ability of saccharides and their derivatives to induce the formation of a-amylase in A. oryzae 557. However, the early events during induction were not described, and few data were given concerning the amounts or nature of the intra-and extracellular enzymes found in the incubation. In this report, a rapid inductiorn system was established, and it was proved that the induction process consists of two stages, which give low and high rates of a-amylase formation in a fungus A. oryzae M-13 (Fig. 2) . For this finding, two explanations are possible. (i) At the early stage of induction, the inducer enters into the fungal cells via a constitutive permease at a slow rate, followed by the formation of an inducible permease for the inducer. Subsequently, the intracellular concentration of the inducer reaches a sufficient level, and mechanisms for both formation and secretion of a-amylase are strikingly induced. (ii) During the first 1 h of induction, the intracellular concentration of any repressor, such as glucose, that remained after 5 h of starvation is decreased to a level at which catabolite repression (11, 13) does not occur. Consequently, a high rate of induction is achieved. The propriety of the latter explanation might be checked by prolongation of the starvation period; however, we did not examine this possibility.
When (-galactosidase was induced by methyl-(3-thiogalactoside (10), nongrowing cells of Escherichia coli formed the enzyme at a fast rate at the beginning of induction, without an observable lag period, followed by a gradual decrease in the rate of enzyme formation over the 2-h incubation period. In our results (Fig. 2) , however, the fungus formed a-amylase at a slow rate without a significant lag period during h 1 of incubation, followed by a remarkable acceleration in the rate during the succeeding hour of incubation. The differences in the mode of enzyme induction between E. coli and A. oryzae might reflect differences in the mechanisms involved in the induction of an intracellular enzyme (,(-galactosidase) in a procaryotic organism as opposed to an extracellular enzyme (a-amylase) in an eucaryotic organism.
It was reported that a-amylase accumulated in the growing mycelia of A. oryzae 557 cultured in a phosphate-or sulfate-deficient medium, and accumulated enzyme was released into the medium when the mycelia were replaced in a medium that has increased anionic strength of an alkaline pH (above 7.2) (16). They also described the release of cell-bound aamylase by the addition of phosphopeptides isolated from peptone and concluded that the release reaction did not depend on physiological energy or enzyme action (17, 18) .
For the secretion mechanism of extracellular enzymes from fungi, an interesting mechanism was recently proposed (2, 8) : the enzymes, en- (3, 5) . In this model, a metabolically short-lived amino-terminal extension of a polypeptide chain is essential in the secretory enzyme molecule. Our results obtained here indicated that physico-and biochemical properties of intra-and extracellular enzymes are identical to each other; however, the possibility remains that a-amylase is produced in a modified form and converted to the active form just before, or during, excretion.
